We study the exclusive semileptonic decays of D meson with the lepton mass effects into consideration, and obtain the dΓ/dq 2 spectra and the branching fractions. We find that for the decay to a vector meson and a muon lepton pair
The lepton mass effect in exclsive heavy meson semileptonic decays was studied by Körner and Schuler [1] , and it is recently studied again in the recent work of the present authors [2] . In Ref. [2] we incorporated the heavy quark effective theory for the B to D transition, and found that there is a sharp peak at q 2 = 0.022 GeV 2 in the spectrum of dΓ(B 0 → D * + µ −ν )/dq 2 . In this paper we study the exclusive semileptonic decays of D meson, and find that this peak also exists in the spectra of the D meson decays to a vector meson and a muon lepton pair, and the influence of this peak is more important in D meson decays. By using the formulas for dΓ/dq 2 with non-zero lepton mass, we obtain in this paper the dΓ/dq 2 spectra and branching fractions of the exclusive semileptonic D meson decays:
From Lorentz invariance one finds the decomposition of the hadronic matrix element for pseudoscalar to pseudoscalar meson transition in terms of hadronic form factors:
where J µ =q ′ γ µ (1 − γ 5 )q. We use the following notations: M represents initial meson mass, m final meson mass, m l lepton mass, P initial meson momentum, p final meson momentum, and q µ = (P − p) µ . The form factors F 1 (q 2 ) and F 0 (q 2 )
correspond to 1 − and 0 + exchanges, respectively. At q 2 = 0 we have the constraint
, since the hadronic matrix element in (1) is nonsingular at this kinematic point.
The q 2 distribution in the semileptonic decay D 0 → K − l + ν is given in terms of the hadronic form factor F 1 (q 2 ) and F 0 (q 2 ) as:
For m l = 0, (2) is reduced to the commonly used well-known formula:
We note in (5) that only F 1 (q 2 ) contributes for m l = 0.
From Lorentz invariance one finds the decomposition of the hadronic matrix element for pseudoscalar to vector meson transition in terms of hadronic form factors:
where ε 0123 = 1 and
The form factors 
, since the hadronic matrix element in (6) is nonsingular at this kinematic point.
The q 2 distribution of the semileptonic decay D 0 → K * − l + ν is given in terms of the hadronic form factors A 1 (q 2 ), A 2 (q 2 ), A 3 (q 2 ) and V (q 2 ) as:
In the case of the B to D meson (heavy to heavy) transition, the heavy quark effective theory (HQET) gives the useful relations between the relevant form factors [3] :
where
the B meson rest frame), and F (y) is a form factor which becomes the Isgur-Wise function in the infinite heavy quark mass limit. When we use the relations (9), for m l = 0 the formula (8) becomes the well-known formula for the B to D * transition:
where r = m/M.
For the form factors concerned with the exclusive semileptonic decays of D meson, we can not use the relations (9) . Therefore, in the study of D meson decays in this paper we use models for form factors. The pole-dominance idea suggests the following q 2 dependence of the form factors [4] :
where n f i and m f i are corresponding power and pole mass of the form factors f i (q 2 ),
respectively. The WSB model [4] adopts n f i = 1. However, the exact values of n f i are not known. The relations (9) of the HQET gives the following approximate relation among the powers of the form factors:
The above relation is suggested for the form factors of the heavy to light transition, even though it is not clear whether this relation for the heavy to heavy transition still holds in this case. The lattice calculations show clearly that the form factors F 1 , V and A 0 are more rapidly increasing functions of q 2 than the form factors F 0 and A 1 [5, 6] , which implies the relation (12) . Non-perturbative analysis of QCD in Ref. [7] also suggests this relation. Therefore, we will adopt two other models incorporating the relation (12) , as well as the WBS model [4] , in the present study of the exclusive semileptonic decays of D meson. We organize in Table 1 the values of the power n f i of the three models which we use in this paper. For the values of the pole masses and those of the form factors at q 2 = 0, we use the values organized in Table 2 and 3, which were given by Wirbel, Stech and Bauer [4] . Their precise values are not known and they should be different for each of the three models.
However, their exact values are not crucial in this work, since our main purpose of the present work is to obtain the characters of the dΓ/dq 2 spectra and the ratios the branching fractions of the electron and muon modes.
we use the formula (2) with non-zero lepton mass, instead of the commonly used formula (5) which is true for zero lepton mass. The obtained dΓ/dq 2 spectrum and branching fractions are presented in Fig. 1, 2, 3 , and Table 4 , for each of the three models we adopt in this paper: WSB, Model I and Model II explained in Table 1 . We find that the shape of spectrum of Model II in Fig. 3 is different from those of WSB and Model I in Figs. 1 and 2 . The experimental result of the E687 Collaboration for this spectrum was given in Fig. 3 (a) of
Ref. [8] , and the shape of their spectrum favors Model II better than WSB and Model I. In the experimental extraction of the value of F DK 1 (0), the simple pole of the form factors has been commonly assumed [9, 10] . Under this assumption, for the mean value, where we used our results in Table 4 of the branching fraction is wider than that of B meson given in Ref. [2] , and as a consequence the branching fraction of the muon mode is much larger than that of the electron mode as we see in Table 5 . The position of the peak q 2 = 0.022 GeV 2 and the
are very much independent of the three models used. There also exists a very sharp and very high peak near the very end of the dΓ(D 0 → K * − e + ν)/dq 2 spectrum, however, this peak is very close to q 2 = 0 and very narrow, so it does not affect the branching fraction of this mode much and it would be difficult to observe in experiments. The ratio Table 4 and 5 is larger than 1, whereas its experimental value is around 0.6 [8, 11] . This discrepancy between the experimental data and the form factor model predictions is well-known [8, 11] , and our results also do not give a good value for this ratio. We think it is related with the form factor values at q 2 = 0 given in Table 3 which have large uncertainty, and this aspect is not much related to our other main conclusions in this paper.
we use the formula (2) with the replacement of V cs by V cd .
The obtained spectra and branching fractions are presented in Figs. 7, 8, 9, and Table 6 . We find that the shape of the spectrum of Model II in 
from the branching fractions in Table 4 and 6 is in agreement with its experimental result 0.101 ± 0.020 ± 0.003 [12] .
we use the formula (8) with the replacement of V cs by V cd .
The obtained spectra and branching fractions are presented in Figs. 10, 11, 12, and Table 7 . In the figures we find again there is a sharp peak at q 2 = 0.022 GeV
2 spectrum, which is the same position as that of the
2 spectrum, and the width of the peak is as wide as that of the dΓ(D 0 → K * − l + ν)/dq 2 spectrum, so the branching fraction of the muon mode is much larger than that of the electron mode as we see in Table 7 . The position of the peak q 2 = 0.022 GeV 2 and the ratio B(D
again very much independent of the three models used.
We studied the exclusive semileptonic decays of D meson with the lepton mass effects into consideration:
We obtained the dΓ/dq 2 spectra and the branching fractions. It was found that for the decay to a vector meson and a muon lepton pair the dΓ/dq 2 spectrum has a sharp peak at q 2 = 0.022 GeV 2 , and the branching fraction of the muon mode is substantially larger than that of the electron mode:
20. These characteristic aspects were independent of the three form factor models we used in this paper. We think it would be valuable to perform experimental analyses on these interesting aspects of the D meson exclusive semileptonic decays. Table 1 : The values of the power of pole for the three models used in this paper. Table 2 : The values of pole masses (GeV) used in numerical calculations. Table 3 : The values of the form factors at q 2 = 0 used in numerical calculations. 
